There is inadequate information on the etiology of diarrhea in severely malnourished (SM) young children. Thus, the study aimed to determine the etiology of diarrhea among severely malnourished (z score < −3.00 SD) children in rural and urban Bangladesh. From the database (2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011) of Diarrheal Disease Surveillance Systems (DDSS) at rural Matlab and urban Dhaka hospitals of icddr,b, 2234 and 3109 under-5 children were found severely malnourished (underweight, stunted or wasted) respectively. Two comparison groups [moderately malnourished (MM) and well-nourished (WN)] were randomly selected in a ratio of 1:1:1. Children with all categories of SM were more likely to be infected with Vibrio cholerae (rural-11%; urban-15%), Shigella (16%; 9%), Salmonella (1%; 2%) and Campylobacter (3%; 4%); and less likely to have rotavirus (25%; 20%) compared to only one SM category. Isolation rate of Vibrio cholerae was significantly higher among SM both in rural and urban children (7%; 13%) than those of MM (5%; 10%) and WN (2%; 8%) and lower for rotavirus (30%; 31%), (34%; 43%), (35%; 47%) respectively (p < 0.01). However, for Shigella it was only higher among rural SM children (11%) [MM (9%), and WN (8%) (p < 0.01)]. The isolation rate of Salmonella in SM (2%) was similar to that in MM (2%; p = 0.72) but significantly higher than that in WN (1%; p < 0.01) among urban children. Isolation rates of bacterial enteric pathogens were higher but rotavirus was lower in SM children in both rural and urban area with geographical heterogeneity.
Introduction
Despite reductions in global deaths due to diarrhea in under five children to around 400,000 each year, globally (range, 200,000 to 500,000) during 2000-2010, the mortality rate is still high [1] and diarrhea remains the second leading cause of childhood deaths [2] . Malnutrition is associated with both macro-and micronutrient deficiencies [3] , and directly or indirectly related to 35% of all deaths among under-five children [4] . Severe malnutrition is often associated with life-threatening consequences such as hypoglycaemia, hypothermia, hypernatremia, severe chest infection, sepsis, and severe electrolyte disturbances [5] .
Childhood malnutrition remains an important public health problem in Asian subcontinent; although most of the countries in this region have experienced rapid economic development in the recent years [3] . Each of the different types of nutritional deficits such as underweight, stunting and wasting is associated with increased deaths from diarrhea, respiratory infections and other infectious diseases such as measles [6] . A 4-year prospective study among severely acute malnourished children aged 6 months to 12 years, hospitalized with diarrhea experienced higher deaths compared to the children who did not have diarrhea during their hospital stay [7] . A cohort study of 430 Zambian children aged 6 -59 months with severe acute malnutrition noted 2.5 times higher deaths in those with diarrhea on admission compared to those who did not have diarrhea [8] .
sociation between malnutrition and diarrhea and examined association of etiologic agents of diarrhea with malnutrition [10] [11] [12] . However, most of the analyses did not consider geographical diversity. In our analysis, we examined the distribution of the common etiology of diarrhea among severely malnourished under-five children in two distinct geographical locations.
Materials and Methods

Study Site
The study was conducted among the under-five children visiting the urban Dhaka Hospital and rural Matlab Hospital of the International Centre for Diarrheal Disease Research, Bangladesh (icddr,b). 
Dhaka Hospital
Definition
Diarrhea was defined as passage of three or more abnormally loose or watery stool within last 24 hours. Severe malnutrition was defined (using z-scores) as: severe stunting (SS; height-for-age z-score < −3.00); severe underweight (SU; weight-for-age z-score < −3.00), and severe wasting (SW; weight-for-height z-score < −3.00), using the World Health Organization reference value [12] . Moderate malnutrition was defined as follows: moderate stunting (height-for-age z-score −3.00 to < −2.00); moderate underweight (weight-for-age z-score −3.00 to < −2.00); and moderate wasting (weight-for-height z-score −3.00 to < −2.00). We considered children as well-nourished if their z-scores for weight-for-age, height-for-age and weight-for-height z-score were form −2.00 to +1.00. 
Sample Frame
Data Analysis
Data analyses were done using Statistical Package for Social Sciences (SPSS) Windows (Version 15.2; Chicago, IL) and Epi Info (Version 6.0, USD, Stone Mountain, GA). Descriptive analysis was employed and Chi-square test was performed for comparing proportions and a probability of <0.05 was considered as statistically significant. Strength of association was determined by estimating odds ratio (OR) and its 95% confidence interval (CI).
Ethical Consideration
The DDSS of icddr,b is a regular disease monitoring system of the hospitals, which had approval of the Research Review Committee (RRC) and Ethical Review Committee (ERC) of icddr,b.
Results
Children under 5 years, who were severely underweight, wasted and stunted, were more likely to be infected with Vibrio cholerae, Shigella, Salmonella and Campylobacter; and less likely to be infected with rotavirus in rural Matlab ( Table 1) . Analogous observation was also found only for rotavirus in the urban Dhaka; however, distribution of other pathogens was found almost similar ( Table  2 ). The isolation rates of Shigella were higher in rural area. However, Vibrio cholerae and Campylobacter were higher among urban severely malnourished children compared to their rural counterparts ( Table 3) .
Severely malnourished children from rural Matlab were more likely to be infected with Vibrio cholerae than well-nourished and moderately malnourished children. So for Shigella; Shigella flexneri and Shigella dysenteriae were more prevalent among severely malnourished children compared to well-nourished. Conversely, children with severe malnutrition less likely experienced rotaviral diarrhea compared to well-nourished children, and the proportion was even lower than moderately malnourished children ( Table 4) .
On the other hand, in urban Dhaka, similar trend of isolation pattern for Vibrio cholerae and rotavirus was observed among under-5 children with severe malnutrition compared to moderately malnourished and wellnourished. Although, isolation rate of Salmonella was very low among all the groups, it was higher among severely malnourished children than others ( Table 5 ). The isolation rates of Campylobacter, Entamoeba histolytica, and Giardia lamblia were found to be identical in all the groups (Tables 4 and 5).
Discussion
Significant variations in isolation pattern of common enteropathogens causing diarrhea among severely malnourished under-5 years old children in both rural and urban areas were observed. However, isolation rates were also significantly different between urban and rural area.
Vibrio cholerae, Shigella and rotavirus are the major pathogens that cause diarrhea [13] . Children under 5 years of age have the highest burden of cholera in the endemic areas [14, 15] , and also at risk to have dehydrateing diarrhea [16, 17] . Study suggested a lack of innate and cell-mediated immune responses among children against V. cholerae [18] . Conversely, malnutrition is a risk factor for shigellosis and children infected with Shigella were also likely to become malnourished [19] . Malnutrition (12) 48 (11) 29 (16) S. flexneri 26 (7) 37 (8) 18 (7) 46 (9) 38 (8) 20 (11) S. sonnei 
SU, severe underweight; SS, severe stunting; SW, severe wasting.
*
Values were compared with SU with SS with SW and were significant at 5% level. 
Values were compared with SU with SS with SW and were significant at 5% level. causes atrophy and decreased cell proliferation of the Thymus gland resulting in depletion of CD4+ CD8+ thymocytes [20, 21] . Thus, there is impaired peripheral immune response that favors the pathogens to become virulent. This might explain the higher rate of isolation of V. cholerae and Shigella among severely malnourished children compared to others. Moreover, severe malnutrition leads to atrophy of the gastric mucosa resulting in less production of hydrochloric acid which favors the higher rate of infection due to less infective doses of common bacterial pathogens [22] . On the other hand, rotavirus causes diarrhea either by malabsorption seconddary to enterocyte destruction, a virus-encoded toxin, stimulation of the enteric nervous system (ENS), and villus ischemia [23, 24] in malnutrition. Malnutrition causes decreased number of intestinal lining epithelial cells and impair its proliferation [25] . Thus, due to lack of mucosal cells to adhere for rotavirus causing diarrhea would be the possible explanation of lower isolation rate among severely malnourished children. Distinct geographical variation may explain the diversity in socio-demographic and cultural factors, watersanitation practices and also mass rotavirus vaccination in rural Matlab [26] might explain the diverse isolation rates between rural-urban areas in addition to household food security. Recent mass rotaviral vaccination might trigger the other pathogens to become virulent or survive better in environment.
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Severe malnutrition is a complex phenomenon, involving interactions of the biological, cultural and socioeconomic factors [27] . Parental education, lower socioeconomic status, and poor nutritional characteristics, childfeeding practices, and birth-order have strong association with severe malnutrition [10, 27] . Conversely, association with higher family food insecurity, low quality of complementary foods and high burdens of intestinal parasitic loads and other infections which are persisting despite improvements in socio-economic conditions over recent years have also been documented [28, 29] . Severely malnourished children are always vulnerable to any infections including diarrhea due to compromised immune function [30] . Having all the category of severe malnutrition, a child would be highly susceptible to serious infections. Severe malnutrition with the co-morbidity of diarrhea [31, 32] is a life threatening condition with high fatality rate (20%) [7] ; however, the present observation was not aimed to determine the fatal outcome. Other than that, contaminated weaning foods prepared under unhygienic conditions is a major risk factor for causing diarrheal diseases and associated malnutrition [33] . A standardized protocol for management of severe malnutrition with diarrhea among under 5 years old children was introduced in the Dhaka hospital of icddr,b that reduced mortality by at least 47% [34, 35] ; moreover, early detection of entero-pathogens helps the clinicians for rational use of antimicrobials and appropriate management of these high risk severely malnourished children.
Limitations
Although unbiased systematic sampling method was used to enroll patients into surveillance system irrespective of age, sex, nutritional status, disease severity or socioeconomic background and the large dataset with standard laboratory facility were supportive of the strengths of this analysis; however, hospital data might not be representative of the general population.
Conclusion
Severely malnourished children were more prone to be infected with common bacterial pathogens compared to those without severe malnutrition. Integrated management with early and appropriate antimicrobial therapy needs to be introduced in addition to other resuscitative measures. Furthermore, round the clock monitoring needs to be continued to observe any changing pattern of isolation rates of the common pathogens and also there are needs to determine the frequency of isolation of other pathogens causing diarrhea and fatal outcomes. 
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